Few dog bite risk factor studies have been conducted. This veterinary clinic-based retrospective cohort study was aimed at identifying human-canine environmental risk factors for non-play bites in Kingston, Jamaica (660) and San Francisco (SF), USA (452). Data were analysed using modified Poisson regression with confounders selected using directed acyclic graphs (DAGs) and the change-in-estimate procedure.
Introduction
Dog bites to humans are a worldwide problem (Chomel and Trotignon, 1992; Bhanganada et al., 1993; Thompson, 1997; Kumar, 1999; Chen et al., 2000; Ozanne-Smith et al., 2001; Frangakis and Petridou, 2003; Van Eeckhout and Wylock, 2005; Morgan and Palmer, 2007) . In the United States there are 300-1000 bites per 100,000 persons per year (Beaver, 1997; Cornwell, 1997) , and reports from Switzerland and Belgium have indicated national bite rates of 180 and 900 (Gisle et al., 2002) per 100,000 per year, respectively. These figures are striking given that some studies suggest that far less than 50% of dog bites are reported (Beck and Jones, 1985; Chomel and Trotignon, 1992; .
Research has largely focused on (1) the circumstances of incidents Beck and Jones, 1985; Szpakowski et al., 1989; Thompson, 1997; Guy et al., 2001a; Frangakis and Petridou, 2003; , (2) the characteristics of both biting dogs (Beck and Jones, 1985; Szpakowski et al., 1989; Cornwell, 1997 ; Thompson, 1997; Guy et al., 2001b; and persons bitten (Beck and Jones, 1985; Bhanganada et al., 1993; Cornwell, 1997 ; Thompson, 1997; Savino et al., 2002; , (3) the estimation of public health costs (Bhanganada et al., 1993; Weiss et al., 1998) , (4) the pathological sequelae to attacks (Fishbein and Robinson, 1993; Mendez Gallart et al., 2002; Peters et al., 2004; Van Eeckhout and Wylock, 2005) , and (5) wound care for the victims (Van Eeckhout and Wylock, 2005; Morgan and Palmer, 2007) .
Unfortunately, few investigators have employed a formal reference series in their studies Chen et al., 2000; Guy et al., 2001c; Reisner et al., 2005) , and thus research to date has been of limited value in accurately identifying risk factors. In addition, because hospital based data formed the basis for inferences for all except a few studies, it is questionable whether these results are applicable to the general dog population. An analysis of a case series of 227 biting dogs obtained from a veterinary clientele has reported that 73%, 17.9% and 21.5% animals had bitten an adult (>18 years), a teenager (13-18 years), and children (612 years), respectively, at least once (Guy et al., 2001a) . This stands in contrast to hospital data which suggest that children are over represented among dog bite victims (Ozanne-Smith et al., 2001) . A consequence of the limited scope of dog bite research is the paucity of epidemiological evidence supporting the belief that a dog's tendency to bite depends on an interaction of genetics (including sex), early experiences, later socialization and training, reproductive status, quality of ownership, supervision, and the potential victim's behaviour (American Veterinary Medical Association, 2001 ).
We conducted a retrospective cohort study in San Francisco (SF), USA, and Kingston, Jamaica (JA) to identify human-canine environmental risk factors for non-play bites to humans. Work by a few authors has suggested that both human-canine attitudes and interactions in the Caribbean differ considerably from those in the continental United States with some studies from Caribbean territories reporting that 56-70% of dogs are kept entirely outdoors OrtegaPacheco et al., 2007) . In the US, this figure is 15-20% (American Pet Products Manufacturers Association, 2005 Association, -2006 . In selecting divergent cultures with respect to attitudes to human-canine relationships, we hoped to identify, if present, heterogeneity by country.
Materials and methods

Study protocol
The study was approved by the Human Subjects Review Committee at the University of California, Davis, USA.
Study participants
Study participants were clients in the waiting rooms of eight veterinary clinics participating from May 30th to August 9th 2003, in Kingston and from three veterinary clinics in SF from 20th October 2003 to 10th January 2004 . Both sets of clinics were located within areas 65 square miles in their respective cities. All clinics were privately owned with caseloads of >90% companion animal (dogs and cats). Clients were eligible to participate only if they had a dog present at the time of the interview, had owned the dog for P24 h, lived 7 days a week in the same home as the dog, and were P18 years of age.
Data collection
Respondents were approached, following clinic registration but prior to being seen. The same interviewer administered the questionnaire to over 99% of respondents and dog-related information pertained only to the dog present. Whenever more than one dog was present, their names were ranked alphabetically and the first ranked chosen for participation.
Exposure assessment
For biters and non-biters the exposure period pertained only to the time period up to the incident and interview respectively. Exposure information included respondents characteristics, canine characteristics, factors related to owner-dog habitual interactions, and factors related to the dogs' living environment ( Fig. 1 and Table 1 ). Except for three agetime-related questions, all responses were categorical.
Identical data collection protocols were employed in both cities and 1120 (667 in Kingston and 453 in SF) interviews were conducted with 41 (11 in Kingston and 30 in SF) persons electing not to participate. One San Franciscan and seven Kingstonian questionnaires were disqualified due to participant ineligibility.
In constructing the final data set, the functional forms of ''age at acquisition'', ''current age'' and ''length of ownership'' were determined using fractional polynomials (Royston et al., 1999) . To create the variable ''Dog breed size'' we used breed weights listed in dog breed standards (Hart and Hart, 1988; American Kennel Club, 1997) . ''I don't know'' responses were considered missing data.
Outcome determination
Outcome categories were based on answers to the following questions: (1) ''Not during play, in the last two years, did the dog ever hold onto or catch a part of any person's body with its teeth and cause a wound?'', (2) ''Not during play, in the last two years, did the dog ever hold onto or catch a part of any person's body or clothes with its teeth but not cause a wound?'' and (3) ''During play, in the last two years, did the dog ever hold onto or catch a part of any person's body with its teeth and cause a wound?'' A dog was considered a non-play biter (hereafter a ''biter'') if the respondent said ''yes'' to either or both of questions 1 and 2 above, and a non-biter if the respondent said ''no'' to all three questions. We were primarily concerned with factors motivating a dog to attack and bite and assumed that the factors under consideration would motivate the attack but not determine whether injury occurred. When possible, it was noted whether the victim was a family member and/or lived in the same home as the dog though no distinction was made in later multivariable analyses. Dogs that had bitten during play were excluded from analysis.
Statistical methods
We used directed acyclic graphs (DAGs) to create a causal diagram ( Fig. 1 ) defining a hypothesized causal web for dog bites. This master DAG provided the basis for confounder selection , and a necessary set of confounders was identified for each exposure of interest ( Fig. 2 and Table 2 ). Relationships in the causal diagrams were determined by subject matter considerations inclusive of results of previous studies. A modified Poisson regression was used to analyze the data in SAS/STAT version 8.2. For each exposure of interest, variables included in the relevant DAG-based subset were used in analysis (Table 2) . We employed the change-inestimate procedure using forward selection to select confounders from each DAG-based subset with a P10% change in the estimated relative risk (RR) required for retention in the model. For each exposure of interest, we excluded all observations that had missing values for any of the variables in the DAG-based subset of potential confounders (Table 2) . Differences in RR between cities were investigated by including an interaction term comprised of the exposure of interest and city in the model. The term was retained in the model if statistically significant at the 5% level. Otherwise pooled RRs were calculated. Relative risks and their associated 95% confidence intervals (95% CIs) were calculated using the ''estimate'' syntax in Proc Genmod (Table 2) (Spiegelman and Hertzmark, 2005) .
Results
Study population characteristics
Data for 161 biters and 951 non-biters were analysed. Of these, 660 (59%) were from Kingston and 452 (41%) were from SF. Most respondents were female, though more so in SF (61%) than in Kingston (54%) and 17% of SF respondents vs. 23% in Kingston answered jointly with another person. Respondents in Kingston were slightly older (53% >40 years) than in SF (43% >40 years), but more frequently had a child aged 5-15 years living with them (35% vs. 12%). Twenty-one percent of Kingstonian dogs were born at home compared to 1% in SF and more Kingston (99%) than SF (64%) dogs had yard space at their disposal. Overall 70% (55% in Kingston vs. 99% in SF) of dogs with yard space spent some portion of the day inside the house (or apartment). In the SF sample, dogs born at home and dogs acquired for protection and other reasons excluding companionship both had prevalences of approximately 1%.
The 2 year incidence of non-play bites was 12.5 (Kingston) and 17.4 (SF) per 100 dogs and proportionately more SF (91%) than Kingstonian respondents (76%) witnessed the incident. In Kingston, 34 (41%) bites broke the victim's skin compared to 26 (33%) in SF. Of the victims for which we had relevant information, 57% (49% in Kingston vs. 62% in SF) were family members and/or lived in the same home as the dog. Overall 36% of victims were family members and/or lived with the dog, while 27% were not. Most persons in this latter category were familiar with both dog and owner. The relationship of the remaining 37% of victims was not specified. In Kingston, 76% and 64% of the bites sustained by family and non-family members, respectively, were witnessed by the respondent. In SF these percentages were 95 and 87, respectively. Dogs in Kingston were acquired at younger ages than in SF. The inter-quartile ranges (IQR) were 3-11 weeks and 8-12 weeks, respectively. Dogs in Kingston were also more recently acquired (IQR = 1 month -1.5 years vs. 4 months -6.75 years) and younger (IQR = 10 weeks -2 years vs. 11 months -7.5 years). Neuter status was markedly different between cities, with intact dogs accounting for 90% of Kingston and 22% of SF dogs.
Canine characteristics
Being born at the respondent's home was inversely associated with biting. Compared to spayed female dogs, all other categories of dogs had elevated risks for biting (Table 2 ). Intact males were 1.68 (95% CI 1.05-2.71) times more likely to bite than castrated males, but 0.80 (95% CI 0.55-1.14) times as likely to bite as intact females. Both Rottweilers and Labradors had lower risks of biting compared to German Shepherds with RR = 0.38 (95% CI 0.13-1.09) and 0.24 (95% CI 0.07-0.82), respectively. Shih Tzus had similar risks of biting to German Shepherds (Table 2) . A sight or hearing problem in the dog was inversely associated with biting.
Environmental factors
The presence of children (5-15 years) in the home had a slight positive association with dog bites (Table 2) , while having yard space was inversely associated with biting (RR = 0.86; 95% CI 0.57-1.30). Dogs that spent 1-6 h per day inside were no more likely to bite than those that were not allowed inside, but dogs that spent P7 h per day inside, were twice as likely to bite than those not allowed inside (Table 2 ). In Kingston, dogs that slept in a family member's bedroom were more than twice as likely to bite, while in SF they were no more likely to bite than those that did not.
As no chained dogs were biters in San Francisco it was impossible to estimate an SF specific RR for biting. When the data from both cities were pooled, chaining was weakly associated with biting and the pooled RR = 1.15 (95% CI 0.66-1.99) not substantially different from the Kingston specific RR = 1.28 (95% CI 0.71-2.31). Compared to dogs that were not confined, dogs confined for 1-6 and 7-12 h per day had increased risks of biting, while those confined for 13-18 and 19-24 h per day had decreased risks of biting (though the estimates in the latter two categories were very imprecise) (Table 2) . Leaving the owner's premises unaccompanied was strongly associated with biting in SF but not in Kingston.
Human-canine interactions
Dogs acquired or kept for reasons that included companionship but not protection were 1.66 (95% CI 1.02-2.70) times as likely to bite as those acquired or kept for reasons including protection but not companionship. Allowing a dog into the presence of strangers or visitors to the home was also associated with an increased risk of biting (RR = 1.77; 95% CI 1.03-3.04).
Not routinely removing (vs. always removing) a dog and/or allowing it to retreat was associated with an elevated risk of biting both when it was fearful (RR = 2.21; 95% CI 1.14-4.28) and when it growled (RR = 1.30; 95% CI 0.90-1.90). These two categories of dogs also had elevated risks of biting compared to those for which the situation never occurred (Table 2) .
Discussion
Epidemiological studies on dog bites have differed in their sources of study populations. Various investigators have used geographic location , place of occupation , registration status (Reisner et al., 2005) and presence at a veterinary clinic (Guy et al., 2001c) . Both reported and unreported (Guy et al., 2001c; Reisner et al., 2005) bites have been used as outcomes. This study differs from previous studies in including bites which did not break the skin and in excluding play bites. We reasoned that from a point of view of risk factors for biting, all dogs that attack and make contact with the teeth belong to the same source population. Play bites were excluded on the grounds that they were likely to be aetiologically distinct from non-play bites. In using two questions in parallel to determine outcome status, we increased the sensitivity of detecting instances when a dog attempted to bite and made contact. The refusal rate of 3.7% is similar to that reported by Guy et al. (2001c) and confirms the effectiveness of using veterinary clients as a data source.
The inverse association between being born at home and dog bites is consistent with a previous report that dogs bred at home were under-represented among dogs showing dominance aggression and social fears Serpell and Jagoe (1995) . This association might be a manifestation of the effects of the origin of the dog and/or the age at which the dog was acquired. Some evidence for the effect of origin is provided by Serpell and Jagoe (1995) who reported that among dogs found unowned and those acquired from pet shops or breeders there was a higher prevalence of dominance aggression when compared to dogs bred at home. In this data set approximately a quarter of all canine participants were 11 weeks or older when acquired and the incidence of biting was higher with increased age at acquisition for dogs acquired at up to approximately 6 months of age and remained constant thereafter (L.L.McV. Messam, unpublished Ph.D. thesis).
Previously reported associations between sex-neuter status and dog bites are inconclusive, with stronger associations reported for males and Reisner et al., 2005) , females (Guy et al., 2001c) , intact Guy et al., 2001c) , and neutered dogs as well Reisner et al., 2005) . These conflicting results are not surprising because the relationship between sex and aggression varies with aggression type (Borchelt and Voith, 1996) and age. The present study found intact dogs more likely to bite and that neuter status modified the effect of sex. These results concur best with results from the only other study to estimate the effect of sex and neuter status while controlling for age (Guy et al., 2001c) . Both studies with reference series and those without Szpakowski et al., 1989; Thompson, 1997; Ozanne-Smith et al., 2001; Mendez Gallart et al., 2002; have reported German Shepherds as having among the highest frequencies within samples of aggressive and biting dogs. While our results are consistent with those findings, to the best of our knowledge it has not been previously reported that Shih Tzus have similar risks for biting as German Shepherds and higher risks than Rottweilers and Labradors. We speculate that the inverse association between a sight or hearing problem and dog bites is due to reduced interaction with humans. Owners, as a precaution might restrict the interactions of these dogs with humans, recognising that the dog's diminished vision and/or hearing might render it more uncertain and thus more likely to respond to human interaction with aggression.
Previous studies found more than one child and the presence of teenagers (Guy et al., 2001c) in the home to be positively associated with dog bites. Although not contradicting those findings, the association seen in the present study was weak. An inverse association between bites and having yard space is consistent with the increased risk of biting among dogs allowed inside for more than 6 h daily compared to dogs not allowed inside. Though possibly consistent with a negative correlation between problem behaviour in dogs and the size of yard space at their disposal (Kobelt et al., 2003) there is no obvious explanation for the threshold effect at 6 h or why the RRs of biting are essentially equal for dogs inside for 7-12, 13-18 and 19-24 h per day. If this relationship is causal, it might indicate that >6 h per day inside is necessary to facilitate the development of certain human-canine interactions or dynamics which facilitate dog bites. A time dependent threshold effect would be consistent with territorial aggression being at the root of many of these incidents as the dog would need to be established in the area for it to then become territorial (Moyer, 1968 ). However we did not have information on the proportion of dog bite incidents occurring inside and/or in the context of territorial aggression. found that dogs that were chained vs. not chained had increased odds of biting. After adjusting for age, our results show a slightly increased risk for biting though a negative association with chaining is also compatible with the data. This RR for chaining was heavily influenced by the data collected in Kingston as there were no chained biters in SF. Compared to dogs that are never confined, only for dogs locked up for 1-6 h daily did our results show both a substantially increased risk of biting and exclude with high probability, a protective role of confinement. Similarly, we found proportionately more biters among dogs chained from 1-6 h daily than for any other time periods. If aggression is indeed caused by poor socialisation secondary to chaining or other confinement, as has been claimed , these results would indicate that only in the case of shorter daily periods of restraint or confinement do the aggression-promoting influences of restraint and/or confinement counteract their obviously beneficial effect on limiting dog bite opportunity.
Dogs that sleep in a family member's bedroom were at higher risk of biting only in Kingston, while dogs that are able to leave their owner's premises unaccompanied were at higher risks for biting only in SF. It is noteworthy that the owners of both categories of dogs were a minority (18% in Kingston and 3% in SF) and in these regards, displayed ownership characteristics atypical of their environments. These results are an indication that circumspection should be exercised in generalising results from one cultural milieu to another.
The finding that dogs kept for reasons including companionship but not protection were more likely to bite than those kept for reasons including protection but not companionship might seem surprising. Having a dog for reasons including protection but not companionship was positively associated with restraint (chaining, locking up) and negatively associated with the dog being allowed inside the house and with it being allowed around visitors or strangers to the home (results not shown). It is likely, therefore, that the effect of reason for acquisition on a dog's likelihood of biting is a result of its effect on the frequency and nature of the dog's interactions with humans. This is given credence by a number of Kingstonian participants reporting that they restricted their dog's interaction with non-household members to enhance its capabilities as a watchdog. Less restriction may be proffered for why dogs allowed around visitors or strangers to the home had elevated risks of biting.
The higher risks of biting among dogs that are not removed, left alone or allowed to retreat from a situation after they growl or show fear can be reconciled with fear and growling being possible warning signs of impending aggression. Though we are unable to tell if the dog bites actually occurred within the context of such events, these results may indicate that dogs living in homes where they are not allowed to retreat after growling or showing fear were also likely to experience other circumstances in which their management or lack thereof induced them to bite.
Our estimates would be biased if potential canine participants were censored prior to study enrolment but consequent to dog bites or to exposures related to dog bites. From 2000 to 2006, 9/15 veterinarians employed at the Kingston clinics euthanized six dogs because of aggression to humans, while approximately 2% of the SF dog population are confiscated/relinquished yearly due to aggression to humans (SF Animal Care and Control: personal communication, 2006). We therefore suspect that bias due to censorship was negligible in this study. Residual confounding of RR estimates is also possible due to absence of data on potentially confounding variables. If some exposures occurred consequent to dog bites, temporal bias could occur in which an apparent causal exposure-dog bite relationship may actually be a dog bite-exposure relationship. As information was garnered only by respondent recall we could not independently verify this. Also, if recall on the part of respondents was imprecise this could result in biased estimates due to misclassification of exposures.
There are restrictions on the applicability of the results of this study to the general population of dog owners. Although the percentages of dogs taken to veterinarians is not known precisely for SF and Kingston, in the US approximately 84% of dog owners report taking their dog to the veterinarian within the previous year (The American Veterinary Medical Association, 2002). While no such information is available for Jamaica, this figure is likely to be similar to the 58% reported for New Providence, Bahamas (Fielding and Plumridge, 2005) . It is likely therefore that the SF sample comprises a larger percentage of the dog owning population in SF than the Kingston sample. For both cities some exposures had low prevalence and thus low statistical power may have mitigated against us detecting differences in city specific RRs. In these circumstances the pooled RR estimates were heavily influenced by the city with higher exposure prevalence ( Table  2 superscripts e and f).
Nevertheless, this study contributes uniquely to the epidemiological literature on dog bites; it explicitly states its analytic assumptions regarding the causal web of dog bites; it examines exposures not previously studied; it is the first dog bite study to quantify associations in terms of relative risks, and the first to compare populations from different countries. This comparison of both cities has highlighted two issues worth considering. Firstly, important samplebased differences between the distributions of human-canine environments exist between cities. The low prevalence of dogs born at home, dogs acquired for reasons which included protection but not companionship, dogs always kept outdoors, dogs chained on an average day (in SF) and dogs without yard space at their disposal (in Kingston), suggest that causal pathways of dog bites involving these environments might not be important in these cities. Secondly the differences between SF and Kingston specific relative risks observed for ''sleeping in a family member's bedroom'' and ''being able to leave the yard unaccompanied'' suggest that an environmental risk factor may have different effects in different countries.
Conclusions
This study suggests that dogs acquired for companionship, dogs allowed into the presence of strangers and visitors to the home, dogs with fewer restrictions placed on their daily freedom of movement, and, possibly, interactions with humans, are at elevated risk for biting. This study also suggests that distinct differences exist between countries with regard to both the prevalence of certain human-canine environmental exposures and their effect on the risk of dog bites. For each cultural context, prevention strategies for dog bites would benefit from a consideration of which types of human-canine interaction or environmental factors frequently place dogs in situations in which they are more or less likely to respond by biting. Being modifiable, these factors are amenable to public health intervention in the form of public education. a b s t r a c t
The aim of this study was to determine whether the effects of selected human-canine interaction/environmental factors on bites occurring when the victim was and was not playing with the dog differed from each other. A veterinary clinic-based retrospective cohort study was conducted in Kingston, Jamaica (709), and San Francisco, USA (513) to compare the effects of selected exposures on non-play bites (161) relative to bites preceded by play with the dog (110) as reported by veterinary clients. Additionally, 951 non-biting dogs were used for a risk factor analysis of bites occurring during play. Using directed acyclic graphs and the change-in-estimate procedure to select and adjust for confounders, modified Poisson regression was used to estimate (a) the ratios of proportions of non-play bites out of all bites comparing exposed to unexposed dogs (proportionate bite ratios) and (b) risk ratios for bites occurring during play for each factor of interest. Proportionate bite ratios ranged from 0.84 to 1.29, with most 95% confidence intervals including one, thus implying a lack of specificity of effects of the examined factors on nonplay bites relative to bites occurring during play with the dog. Consistent with this lack of specificity, risk ratios for bites occurring during play were similar in magnitude and direction to risk ratios previously published for non-play bites using the same non-biting dogs as a reference group. No country-specific differences in proportionate bite ratios were detected.
Each human-canine environmental factor showed similar levels of association with both types of bites. One possible explanation is that both types of bites have a common causal pathway leading from each factor up to the point of human-canine contact. If the human-canine contact then leads to either play or non-play interactions with dogs and subsequently to both types of bites, the presence of such a common pathway would make the factor non-specific to either type of bite. As some of the examined factors are associated with increased frequencies of both types of bites, this could explain high percentages of bites occurring during play with the dog as reported in various case series of dog bites. If so, dog bite prevention strategies targeting these factors will simultaneously reduce the incidence of both types of bites.
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Introduction
Research on dog bites has revealed that they can result in disfiguring and psychologically scarring injuries Kesting et al., 2006; Morgan and Palmer, 2007) sometimes ending in death (Sacks et al., 2000) . These injuries financially burden the public health system (Weiss et al., 1998) , often hurt owner-dog relationships (Reisner et al., 1994; Hart, 1995; Burt, 1997) , and have a negative impact on society's view of dog rearing (Serpell, 1995; Hunthausen, 1997) .
Research focusing on the circumstances of dog bites mentions that some bites occur during play (Parrish et al., 1959; Thompson, 1997; Ozanne-Smith et al., 2001; , which is both a type and a trigger of aggression (Beaver, 1983; Wright and Nesselrote, 1987; Landsberg et al., 1997) . Overall, various studies report between 5 and 29% of dog bites occurring either as a sequel to or during play with the dog Szpakowski et al., 1989; Shewell and Nancarrow, 1991; Ashby, 1996; . One possible explanation for the high percentages of bites occurring during play among reported dog bites is that certain exposures might be risk factors both for bites occurring during play as well as for bites occurring outside of the context of play. Nevertheless, systematic study of bites occurring while the victim is playing with the dog has largely been neglected. Distinguishing between the two types of bites in studies will help to uncover the specificity, or lack thereof, of underlying associations with potential risk factors, help to clarify aspects of the causal web of dog bites and thus provide a basis for intervention aimed at reducing total dog bite incidence. It should also help explain the high proportion of bites occurring during play among the total numbers of bites.
To determine whether the effects of selected human-dog environmental factors on the risk of nonplay bites differed from their effects on the risk of bites occurring during play with the dog, a veterinary clinic-based retrospective cohort study was conducted in both San Francisco (SF), USA, and Kingston, Jamaica, directly comparing both types of bites as reported by clients. The premise was that if a particular factor specifically causes (or prevents) non-play bites but not bites occurring during play with the dog, then there should be proportionately more (or fewer) non-play biters among all biting dogs exposed to that factor when compared to those unexposed to the factor. This translates to the ratio of proportions of non-play biters among exposed and unexposed biters being greater (or less) than one. Correspondingly, the associated 95% confidence intervals should predominantly include values greater (or less) than one. Additionally, the greater (lesser) the specificity of the effects, the further (closer) will be the 95% confidence limits from (to) one.
Though little has been published on cross-cultural differences in dog keeping worldwide (Wan et al., 2009 ), previous research points to different cultural attitudes to dogs between the United States and the Caribbean Fielding, 2008) . The goal of the bi-national component of the study was to assess whether the effects of the factors being studied differed in these two countries.
Materials and methods
Study protocol
The protocol for this study constitutes a part of a large cohort study on human-animal interactions as risk factors for dog bites approved by the Human Subjects Review Committee at the University of California, Davis, USA. The methods used are identical to those previously described in detail elsewhere and thus only a brief description is provided here.
Study participants and study sites
Study participants were clients in the waiting rooms of eight veterinary clinics in Kingston, Jamaica, from May 30 to August 9, 2003, and from three veterinary clinics in San Francisco (SF), USA, from October 20, 2003 to January 10, 2004. Persons were eligible to participate if they had owned the dog for ≥24 h, were living 7 days a week in the same home as the dog, had the dog at the clinic during the interview, and were at least 18 years old. Data were collected by interviewer-administered questionnaire and canine information pertained to only the dog present at the time of the interview. Identical data collection protocols were observed in both countries.
Outcome determination
A dog bite was defined as sudden pressure from a dog's teeth to a part of a person's body and/or clothing. Outcome categories were determined based on responses to the following questions: (a) "During play, in the last 2 years, did the dog ever hold onto or catch a part of any person's body with its teeth and cause a wound?"; (b) "Not during play, in the last 2 years, did the dog ever hold onto or catch a part of any person's body with its teeth and cause a wound?"; and (c) "Not during play, in the last 2 years, did the dog ever hold onto or catch a part of any person's body or clothes with its teeth but not cause a wound?" The outcome was a bite occurring during play with the dog if the respondent answered "yes" to (a) but "no" to both (b) and (c), and a non-play bite if the respondent answered "yes" to (b) and/or (c) but "no" to (a). The dog was considered a nonbiter if the respondent answered "no" to all three questions. If the respondent answered in the affirmative to (a) and (b), (a) and (c) or to all three, the event that occurred earliest was chosen as the outcome. Using two questions in parallel to determine outcome status for non-play bites increased the sensitivity of detecting instances when a dog attacked and made contact with a person with its teeth. In defining bites occurring during play, outcomes included those circumstances in which the victim was playing with the dog but were restricted to those resulting in wounds to exclude cases of playful mouthing where a dog might grasp a person's body without applying sudden pressure. The use of the term "play bites" has been avoided in preference to "bites occurring during play with the dog" as it was not ascertained whether the dog was playing at the time of the bite. The type of bite, where only the human is playing, is hereafter referred to as a "play" bite to distinguish it from a situation in which the dog was also known to be playing (Fig. 1) .
Exposure assessment
Exposures for this analysis were identical to those previously examined for their effect on the risk of non-play bites (Fig. 1) . Based on their hypothesized role in leading to dog bites, they were placed into three categories. First, certain exposures were thought to exert their effects only prior to the initiation of human-canine contact (Fig. 1, box A) and thought to determine contact. Second, other exposures were thought to exert their effects only subsequent to the initiation of human-canine contact (Fig. 1, box B) and third, some exposures were thought to exert their effects both prior and subsequent to the initiation of human-canine contact (Fig. 1, box C) . Because the essential etiological distinction between both types of bites hinges on whether or not the event occurred while the victim was playing with the dog, it was assumed that the causal pathway from an exposure acting prior to human-canine contact would be the same for both types of bites up to the point of the human-canine contact, and then after contact, diverge before play with the dog occurred. Human-canine contact is used in this context to mean any habitual or intermittent human-canine interaction facilitated by occupation of the same space and time and need not involve tactile contact. For example, a playful interaction may start by touching the dog, a play bow by the dog, or a verbal stimulus from the person that elicits a play bow.
(Play with the dog may also be a component of certain types of contact.)
Data analysis
During data collection, 41 persons (11 in Kingston and 30 in San Francisco) elected not to participate. In total, 1235 (718 in Kingston, and 517 in SF) interviews were conducted. During data entry, thirteen questionnaires were found to be ineligible and thus data from 1222 participants (110 biters during play, 161 non play biters and 951 non-biters) were used for final data analysis.
Modified Poisson regression in SAS version 8.2 was used to estimate proportionate bite ratios for non-play bites and associated 95% CIs (Spiegelman and Hertzmark, 2005 NP were the proportions of non-play biters among all biting dogs for exposed and unexposed categories, respectively, of the factor. Functional forms of continuous variables were determined using fractional polynomials (Royston and Altman, 1994) and directed acyclic graphs (DAGs) were used to create a subset of potential confounders to control for each exposure of interest (Table 1 ). The owner's age, gender and method of response were included in each of these subsets and for each exposure of interest, identical subsets to those previously reported for analyses of non-play bites Table 1 Variables included in each hypothesized sufficient set of confounders during the modified Poisson regression procedure analysing risk factors for non-play bites relative to bites occurring during play. were used . Initially, to detect differences in PBR NP attributable to city of residence, interaction terms consisting of the factor of interest with country were added to each model. These terms were retained if the corresponding regression coefficients were statistically significant (p < 0.05). Finally, a set of confounders for each factor of interest was selected from its respective DAG via forward selection using the change-in-estimate method ) with a ≥10% change in the estimated PBR NP required for retention in the model. Finally, the above mentioned procedures were repeated in order to estimate risk ratios (RR) and 95% CIs for bites occurring during play with the dog and informally compare them to results previously reported for non-play bites with the same non-biting dogs as a reference group .
Exposures
Results
Study population characteristics
Distributions of the exposures of interest with respect to biters and non-biters by country are presented in Tables 2-4 . Forty percent of all biters, bit while being played with by the victim, with the proportion in SF (43%) slightly greater than in Kingston (37%). Most respondents were female (58%), especially among Kingstonians (62%) and owners of non-play biters (63%). Eighty percent of owners of non-play biters and 72% of owners of dogs that bit while being played with answered questions without assistance from a spouse, child or other accompanying person and similar proportions of owners of dogs that bit during (89%) and outside of play (83%) witnessed the respective biting incidents. Dogs that bit during play with the victim, were younger than non-play biters with inter-quartile ranges of ages of 10 weeks to 1 year and 11 months to 6.5 years, respectively. Fifty-eight percent of both types of biters were acquired for companionship and not protection and approximately 25% of both types of biters lived in a home with a child 5-15 years old. Of the victims for which relevant information was collected, 70% (91% of those bitten during play vs. 57% of those bitten outside of play) were family members and/or lived in the same home as the dog. Overall, 42% of victims were family members and/or lived with the dog, while 18% were not, and most persons in this latter category were familiar with both dog and owner. The relationships of the remaining 40% of victims with the dog was not specified.
Twelve percent of biters in Kingston were born at their current home compared to 1% in SF, and more biters in Kingston (97%) had access to yard space than in SF (59%). In SF, more biters were neutered (56% compared to 7% in Kingston) and fewer (1%) were acquired for protection than in Kingston (17%).
Proportionate bite ratios for non-play bites
No interaction with country of residence was found for any of the factors examined, and thus PBR NP estimates based on the pooled data from both countries are reported. Estimates of PBR NP for non-play bites were close to one (ranging from 0.84 to 1.29) and associated 95% CIs tended to be narrow (Tables 5 and 6 , Fig. 2(a)-(c) ). Ninety-five percent confidence intervals for effects of the exposures thought to act (i) prior to contact and (ii) the exposures thought to act both prior to and subsequent to contact all included 1 (Tables 5 and 6 , Fig. 2(a)-(c) ). For example, having yard space was associated with a 3% increase in the proportion of non-play bites (PBR NP = 1.03; 95% CI: 0.93-1.14), showing that the data is compatible with both increases and decreases in the proportion of non-play bites as well.
Proportionate bite ratios with 95% CIs excluding one were found only for exposures thought to act exclusively subsequent to contact. For instance, the proportion of non-play bites among dogs that were always removed after growling in the presence of visitors and strangers to the home compared to the proportion of non-play biters Fig. 2 . Proportionate bite ratio estimates and associated 95% confidence intervals for the effects on non-play bites of human-canine interaction/environmental factors hypothesized to act (a) only prior to human-canine contact, (b) both prior and subsequent to human-canine contact and (c) only subsequent to human-canine contact. among dogs that had never growled in the presence of visitors and strangers was PBR NP = 1.29 (95% CI: 1.17-1.42). Using the same comparison group, the PBR NP was 1.26 (95% CI: 1.16-1.37) for dogs that were either never or only sometimes removed after growling in the presence of visitors and strangers to the home.
Risk factors for bites occurring during play with the dog
The magnitudes and directions of the RRs for bites occurring during play were similar to the RRs previously reported for the same exposures on non-play bites . There was also substantial overlap of their respective 95% CIs with the major difference being in the precision of the estimates (Tables 5 and 6 ).
Discussion
With few exceptions , bites occurring during and outside of play are routinely pooled together for analysis. To our knowledge, this is the first report of data collected with the express purpose of distinguishing between both types of bites. Previously, in case series conducted in urban areas, Ashby (1996) (5%), (9.6%), Shewell and Nancarrow (1991) (12%), Szpakowski et al. (1989) (12.5%), (28.6%) and (14%), reported lower percentages of dog bites occurring (among total reported bites) while the victim played with the dog than the 40% reported in this study. This difference is difficult to explain as published reports yield little information on exactly how bites occurring during play with the dog are distinguished from bites occurring outside of the context of play. Others, Georges and Adesiyun (2008) (32%) and Parrish et al. (1959) (33%) reported estimates more similar to this study's, but combined petting and playing with the dog into one exposure category. Thus, apart from differences in study populations, differences in case definitions are likely to explain these differences in estimates.
While owners should be capable of accurately identifying and reporting human play, it has been suggested that they are unreliable in distinguishing between play and non-play signals in the dog (Moss and Wright, 1987; Reisner and Shofer, 2008; Tami and Gallagher, 2009 ). This might particularly be true if the dog's behaviour changes during the interaction. Thus, apart from indicating a situation in which a true play bite occurred, i.e., while both dog and victim were playing (Fig. 1) , a dog bite "during play with the dog" might have other interpretations: at the time of the bite, unbeknownst to the respondent, the dog may not have been playing. This may have been the case for the duration of the entire person-dog interaction or just during its latter stages. Alternately, the respondent might have known that the dog was not playing but may have misrepresented (intentionally or otherwise) the dog's actions to minimize the circumstances of the bite. This is consistent with a tendency among some owners to "display a dog positivity bias" (Rajecki et al., 1998) and excuse perceived dog misbehaviour (Sanders, 1990; Rajecki et al., 1999) .
The low proportionate bite ratio estimates for non-play bites, coupled with 95% confidence limits close to the null (Tables 5 and 6 , Fig. 2(a)-(c) ), suggest that the selected human-dog environmental exposures are associated with very slight changes in the proportions of bites occurring either during or outside of the context of play with the dog. Consequently they are not specific to either of the two types of bites. In addition, this lack of specificity of effects is consistent in both countries, though for some factors, low numbers of exposed dogs in either of the countries might have contributed to a lack of power to detect interactions. Considering that some of the exposures examined in this analysis are both positively associated with bites occurring during play and previously have been identified as positively associated with non-play bites (Tables 5 and 6 ) , this lack of specificity of effects would explain high proportions of bites during play in case series of dog bites. Growling in the presence of visitors/strangers to the home showed some specificity of effects on non-play bites compared to bites occurring during play. Because aggression in dogs is often preceded by growling (Messent, 1983; Wright and Nesselrote, 1987; Bradshaw and Nott, 1995; AVMA, 2001; Rooney et al., 2001 ), this finding is not surprising. However, the low specificity may have resulted from some growls having occurred while the dog was playing as opposed to being signs of aggravation.
This study has primarily focussed on environmental factors which in exerting their effects prior to human-canine contact (Fig. 1 , Groups A and C) are not immediate causes of dog bites. Nevertheless, they provide the environmental context for different types of dog bites to occur by determining the type of human-canine contact which precedes the bite. As has previously been noted (Westgarth et al., 2008) , it is expected that the precise nature (duration and character) of each human-canine contact be exposure specific. For instance, the excitable prancing around of some dogs, while waiting to be unleashed or let out of a kennel and the fact that some dogs come running at the sound of their owner's car entering the driveway or the back door opening, will all depend on the behaviour of the individual dog and human as well as the type of household it lives in. Thus, for example, human contact with a dog chained for a portion of the day will likely be different from human contact with a dog that usually sleeps in a family member's bedroom. Possible sequential pathways for bites following human-canine contact are: (a) human-canine contact, human-play with dog, joint human-canine play and then a play-bite, (b) human-canine contact, human-play with (5) 44 (7) 38 (6) 56 (9) 194 (31) 260 (42) (3) 16 (4) 28 (7) 22 (5) 239 (56) 108 (25 (4) 61 (6) 70 (6) 78 (7) 452 (42) (4) 52 (5) 59 (6) 73 (7) 488 (47) (5) 10 (3) 33 (11) 8 (3) 199 (64) 44 (14) No 911 32 (4) 51 (6) 49 (5) 71 (8) 379 (42) (4) 46 (5) 70 (7) 62 (6) 485 (48) (2) 25 (15) 8 (5) 110 (66) 16 (10) No/sometimes 247 13 (5) 10 (4) 38 (15) 28 (11) 110 (45) 48 (19) Situation never occurred 790 32 (4) 46 (6) 18 (2) 41 (5) 345 (44) dog, joint human-canine play, canine non-play aggression and then a "play" bite, (c) human-canine contact, humanplay with dog, canine non-play aggression and then a "play" bite and (d) human-canine contact, canine non-play aggression and then a non-play bite (Fig. 1) . As noted for other outcomes (Terry et al., 2000) , if each type of bite can result from the same type of intermediate human-canine contact, the exposure leading to that type of human-canine contact will have the same effect on each of the resulting types of bite. Consequently, no pathway leading from the human-canine contact would be expected to result in proportionately more (or fewer) non-play bites (or bites during play) among exposed compared to unexposed dogs. Thus, a high percentage of bites during play with the victim among case series of dog bites may be a result of a given exposure creating the environment in which both play and non-play interactions with a dog could occur. This in turn leads to both types of bites. Additionally, the effects of these exposures on bites occurring while both victim and dog were playing (play bites) should not differ from their effects on bites occurring when only the victim was playing ("play" bites). This is because play by the victim serves as a common intermediate along the pathway for both these types of bites (Fig. 1) . In the presence of common intermediates, neither prevarication nor misclassification of dog bites, by respondents, is likely to be the fundamental explanation for the results regarding the effects of exposures in Groups A and C. Exposures acting subsequent to human-canine contact (Fig. 1, Group B) are more likely to be immediate determinants of dog bites and therefore have separate pathways to bites occurring in and outside of the context of play. Consequently, associations of these exposures with both types of bites are more likely to be distinct and there will be either proportionately more or fewer non-play bites among exposed vs. unexposed dogs. A 95% CI for the proportionate bite ratio which includes only values greater than one for dogs which growled in the presence of visitors and strangers to the home, is consistent with this expectation.
The relative importance of the causal pathway from each exposure to a dog bite depends on the exposure's prevalence. For example, low proportions of biters born at home and acquired for protection in San Francisco, suggest that causal pathways involving these exposures result in a lower frequency of bites in San Francisco than in Kingston. Similarly, low proportions of neutered biters and biters without access to yard space in Kingston suggest that there, Table 5 Proportionate bite ratios (PBRNP,S), risk ratios (RRs), 95% confidence intervals (95% CIs) and confounders (CF) causing ≥10% change in PBRNPs and RRs for associations of selected factors with bites occurring during play, non-play bites, and non-play bites relative to bites occurring during play, Kingston, Jamaica and San Francisco (2003-2004 A, country; B, respondent's age; C, respondent's gender; F, dog's current age; H, breed; I, dog breed weight based on breed standards; K, children (5-15 years) living at home; M, major reason for getting dog; N, dog's origin; P = dog in house; U, allowed in the presence of strangers.
a Number of observations in final model = number of participants (271) minus the number of participants with missing data for at least one variable in the necessary set of confounders.
b Number of observations in final model = number of participants (1061) minus the number of participants with missing data for at least one variable in the necessary set of confounders.
c Number of observations in final model = number of participants (1112) minus the number of participants with missing data for at least one variable in the necessary set of confounders.
d Taken from . e Interaction of exposure of interest with country.
these exposures cause fewer dog bites than in San Francisco. A limitation of this study is the use of a simple causal model which does not specifically define human-canine contact for each of the examined exposures. Additionally the study focussed primarily on environmental exposures felt to exert effects early in the causal path to a dog bite. Recent analyses of cases series of dog bites suggest that immediately preceding the bites, a high percentage of child victims interacted, with the dog, in ways which might have triggered the incidents Reisner et al., 2007 Reisner et al., , 2011 . Thus it is possible that an investigation of the effects of more proximate exposures might reveal specificity in their effects on non-play bites relative to bites occurring during play. This type of investigation is particularly important as it pertains to human-canine play because of its importance to the human-canine relationship in some cultures (Messent, 1983; Rooney et al., 2001 ; Table 6 Proportionate bite ratios (PBRNP), risk ratios (RR), 95% confidence intervals (95% CIs) and confounders (CF) causing ≥10% change in PBRNPs and RRs for associations of selected factors with bites occurring during play, non-play bites, and non-play bites relative to bites occurring during play, Kingston, Jamaica and San Francisco (2003-2004 A, country; D, method of response; F, dog's current age; G, dog's sex/neuter status; M, major reason for getting dog; U, allowed in the presence of strangers.
d Taken from . Westgarth et al., 2008) . In those contexts, it would be important for dog owners to know which types of playful human-canine interactions might lead first to canine non-play aggression and consequently result in human injury.
Conclusions
This study suggests that certain human-canine factors are equally associated with dog bites occurring during and outside of the context of play with the dog. To correctly interpret these results, it is necessary to consider that, in all likelihood, only some bites occurring during play occurred while the dog was actually playing. This is likely to be the case with dog bites reported to health authorities as well. Nevertheless, if a particular exposure creates a human-canine environment and consequent human-canine contacts resulting in either play or non-play interactions with a dog, it will be a common risk factor for all types of dog bites resulting from these two interactions.
This lack of specificity of effects could explain high percentages of bites occurring while the victim played with the dog and suggests that dog bite prevention strategies targeting some of these factors could simultaneously reduce the incidence of both types of bites.
The study also suggests that an investigation of factors acting during or subsequent to human-canine contact might reveal more specific exposure effects on non-play bites relative to bites occurring in the context of play with the dog. This will elucidate further aspects of the causal web of dog bites including the role of human-canine play in its etiology. Given the importance of human-canine play to many human-canine relationships, it is important to understand which types of human-canine play are likely to increase the frequency of dog bites and which are not, with the ultimate goal of reducing the prevalence of the former in favour of the latter. Apart from obvious public health benefits, this type of information will contribute positively to human-canine relationships and ultimately enhance canine welfare.
Introduction
Dog bites are frequent sequelae to human-canine interactions (Overall and Love, 2001; The American Veterinary Medical Association, 2001 ). This has led to much interest in identifying human and canine risk factors for both bites and aggression to humans in many parts of the world (Cornelissen and Hopster, 2010; Feddersen-Petersen, 1994; Rosado et al., 2009; Wake et al., 2009 ). While age is accepted as a risk factor for canine aggression (Borchelt and Voith, 1996a,b; Overall and Love, 2001) , little is known about the age or ages at which dogs are most likely to bite (Overall and Love, 2001) . Similarly, while a few studies have examined the association between the age of dogs at their acquisition and subsequent aggression (Appleby et al., 2002; Hsu and Sun, 2010; Petersen and Deddens, 2006) , there is still need for an understanding of how age at acquisition is related to dog bites.
Knowledge of how a dog's age at acquisition and current age are related to its aggressive behavior will help veterinarians to contextualize properly for dog-owners both human-directed aggression in newly acquired dogs as well as aggression-related behavior changes in dogs as they age.
To investigate the relationships of dog age-related factors to the risk of dog bites, a retrospective cohort study was conducted in Kingston (KGN), Jamaica and San Francisco (SF), USA. The premise of the investigation was that if the effects of age-related factors on the risk of a dog biting were not constant over a dog's lifetime, then age-time periods corresponding to higher or lower dog bite risks should be identifiable using analytic methods which permit data to define the shape of the age-time-dog bite relationship.
The goals of the study were: (1) to describe the relationships of age at acquisition, dog age, and duration of ownership to the risks of bites occurring during and outside of play; (2) to identify the ranges of these variables corresponding to the highest risks of dog bites; (3) to identify the ranges of these variables during which the change in dog bite risk is greatest, and (4) for each variable, to compare its relationship to the risk of bites occurring during play to its relationship to the risk of non-play bites. Age, age at acquisition and duration of ownership were used as surrogate measures for (1) the cumulative effect of time-related social and biological changes occurring in the dog since its birth; (2) the effect of the timing of the most recent change in the dog's ownership and living environment occurring during this process of change, and (3) the cumulative effect of these changes in the dog since the most recent change in its ownership and living environment, respectively.
The bi-national component in this study provided an opportunity to investigate if the effects of dog age-related factors on dog bite-risk differed between the two countries. Previous research points to differences in cultural attitudes to dog rearing between
Study protocol
This study constituted a part of a cohort study on dog bites approved by the University of California Davis Institutional Review Board. Most aspects of the materials and methods are identical to those previously described in detail (Messam et al., , 2012 and so only a brief description is provided here.
Study participants
Study participants were clients interviewed in the waiting rooms of eight veterinary clinics in KGN and three veterinary clinics in SF from May 2003 to January 2004. Clients were eligible to participate if they were at least 18 years old. Additionally, the dog in question had to be present at the time of the interview, owned for at least 24 h and living 7 days/week in the same home as the client. Whenever more than one dog was present, their names were ranked alphabetically and the first ranked chosen for participation.
Outcome definition
Dog bite categories were determined using the following questions:
(a) During play, in the last 2 years, did the dog ever hold onto or catch a part of any person's body with its teeth and cause a wound? (b) Not during play, in the last 2 years, did the dog ever hold onto or catch a part of any person's body with its teeth and cause a wound? (c) Not during play, in the last 2 years, did the dog ever hold onto or catch a part of any person's body or clothes with its teeth but not cause a wound?
The outcome was considered a bite during play if the respondent answered 'yes' to (a) but 'no' to both (b) and (c); a non-play bite if the respondent answered 'yes' to (b) and/or (c) but 'no' to (a), and a non-bite if the respondent answered 'no' to all three questions. Bites occurring during play were restricted to those resulting in wounds to exclude cases of playful mouthing where a dog might grasp a person's body without applying sudden pressure (Messam et al., 2012) . 'Bite during play,' instead of 'play bite' was used whenever the victim was playing with the dog at the time of the bite, as no distinction was made between when the dog was and was not playing. For dogs owned for 2 years or more, it was assumed that the dog bites occurred 1 year prior to the date of the interview. For dogs owned for less than 2 years, it was assumed that the bite preceded the day of the interview by a time period equal to half the duration of ownership.
Exposures of interest
The exposures of interest were the dog's age at acquisition, the dog's current age, and the duration of ownership (Table 1) , with each recorded both as categorical and continuous variables. In the absence of exact dates of birth and acquisition, the following decision rules were used: when an exact age or time period was given, that number was used; when a range was provided, the midpoint of the range was used, and when fractions of weeks, months and years were given, the value was rounded to the nearest week, month or year, respectively. If a respondent could not provide one of the age or time periods, the value was estimated using the values of the other two variables of interest if possible. When no age or time period was obtained from the respondent, the value was omitted. Twenty-eight per cent of the ages at acquisition and 18% of dog ages were estimated, respectively, for the continuous variable analysis. No estimation of age-time variables was performed when these exposures were recorded as categorical variables.
Statistical analysis
For analyses, modified Poisson regression in SAS version 8.2 was used. Initially, each exposure of interest was used as a continuous variable to model play and non-play bites with functional forms (of the exposures of interest) separately, determined using fractional polynomials (Royston et al., 1999) . This was necessary to allow the data, in addition to the statistical model, to define the shape of each age (-time) variable-dog bite relationship. Directed acyclic graphs (DAGs; were used to choose a set of potential confounders of the relationships of age at acquisition to bites occurring during and outside of play. This initial set included city of residence, presence of yard space, source of the dog and reason for the dog's acquisition (Table 2) .
A priori, no canine characteristics were believed to be confounders of the relationships of current age or duration of ownership to either type of bites, as both these variables represent slightly different surrogates for aging in the dog. Since aging is an inherent characteristic of the animal, its effect was not believed to be confounded by other individual-level characteristics or variables. For model selection, the change-in-estimate criterion was employed to select confounders from the DAG-based subset with a P10% change in the estimated RR required for a potential confounder to be retained in the model. To detect differences in RRs attributable to city of residence, an interaction term consisting of the exposure of interest and city was added to each model and retained if the corresponding regression coefficient was statistically significant (P < 0.05). If no statisti- cally significant interaction was detected, pooled RRs were calculated and city of residence retained in the final model if it caused a P10% change in the estimated RR. Overall, from 110 biters during play, 161 non-play biters and 951 non-biters, data for 1061 and 1112 dogs were used for bite during play and non-play bite analyses, respectively. Thus the same group of non-biting dogs was used for both analyses. Analyses, using data for the same dogs, were then repeated using age at acquisition and current age as categorical variables to compare results with the continuous variable analysis. Additionally, Spearman's rank correlation (r) between age of dog and duration of ownership for both play and non-play bites was estimated.
Finally, a sensitivity analysis was performed in order to determine the robustness of the choices of functional forms of the age-time variables (Table 3) by omitting the observations with estimated exposure values and repeating the fractional polynomial procedure.
From final models, RRs and 95% CIs for comparisons of interest (Tables 4 and 5 ) were estimated using model-based variances and covariances (Table 3) . From each of the six final models, a range of dog bite risks corresponding to the range of its respective exposure of interest was generated. In this way, age-time values corresponding to the 95th percentile of dog bite risks were obtained for each exposure of interest.
Results
Approximately 50% of KGN respondents were 40 years or younger, compared to 60% of SF respondents, with most respondents in both countries being female (Table 2 ). Compared to dogs in SF, dogs in KGN were acquired at a younger age (92% vs. 77% <6 months of age), were younger (53% vs. 19% <6 months old) and owned for less time (46% vs. 23% owned for <2 months; Table 1). The relationships between the age-time variables and dog bites were non-linear, with the exception of the relationship of duration of ownership to bites during play (Figs. 1 and 3 ).
Age at acquisition
Dogs that bit while being played with were acquired at a younger age than non-play biters. Medians (M) and inter-quartile 
Respondent's age (years) 620 45 2 (4) 2 (4) 6 (13) 0 (0) 30 (67) 5 (11) 21-30 254 14 (6) 14 (6) 19 (7) 13 (5) 100 (39) 94 (37) 31-40 338 14 (4) 25 (7) 21 (6) 31 (9) 136 (40) 111 (33) 41-50 244 8 (3) 11 (5) 19 (8) 14 (6) 113 (46) 79 (32) 51-60 175 9 (5) 6 (3) 12 (7) 12 (7) 91 (52) 45 (26) (4) 2 (4) 1 (2) 35 (71) 9 (18) ranges (IQR) were M=2 months (IQR 6 weeks to 3 months) and M=2.25 months (IQR = 6 weeks to 5.75 months), respectively. Dogs acquired at 6 weeks of age were at higher risk for biting during play than those born into their current owner's home. For dogs acquired between 6 weeks and approximately 1 year of age, the risk of biting while being played with decreased slightly with increasing age at acquisition, but for dogs acquired older than 1 year of age, risks were essentially the same (Fig. 1a) . Correspondingly, while a dog acquired at 6 weeks was 3.4 (95% CI: 1.3-8.9) times as likely to bite while being played with, than one born into its owner's home, dogs acquired at 3 and 6 months were 2.6 (95% CI: 1.0-8.7) and 1.8 (95% CI: 0.7-4.9) times, respectively, as likely to bite during play than those born at their current home. Dogs acquired between 1 and 1.5 months of age had estimated risks of Table 3 Final modified Poisson regression equations modeling the natural log relative risk, (ln(RR)), of (1) bites occurring during play and (2) non-play bites, as separate functions of age at acquisition (X 1 ), current age (X 2 ) and duration of ownership (X 3 biting during play in the 95th percentile of the range of risks for bites during play. The risk of non-play bites increased sharply with increasing age at acquisition for dogs acquired younger than 6 months old and then was constant (Fig. 1a) . Thus, for dogs acquired older than 6 months of age, later ages at acquisition did not appreciably change the RR of a non-play bite (Tables 4 and 5 ; Fig. 2b ) when compared to dogs acquired at 6 months. Compared to dogs born at the respondent's home, dogs acquired at 2 months, 6 months and 1 year old were 1.6 (95% CI: 1.1-2.4), 1.8 (95% CI: 1.1-3.0) and 1.9 (95% CI: 1.1-3.3) times as likely to bite outside of play, respectively. Dogs aged 1.5 years or older when acquired had estimated risks of non-play bites in the 95th percentile of the range of non-play bite risks.
Current age
Dogs that bit during play were younger than non-play biters with M = 4 months (IQR = 10 weeks to 1 year) and M = 2.5 years (IQR = 11 months to 6.5 years), respectively. The risk of bites during play increased sharply until approximately 3 months of age and declined thereafter with increasing age (Fig. 1b) . Thus, dogs that were 6, 12 and 24 months old were 0.7 (95% CI: 0.6-0.8), 0.4 (95% CI: 0.3-0.5) and 0.3 (95% CI: 0.2-0.4) times as likely to bite during play as a 3 month old puppy, respectively. Two to 4 month old dogs had estimated risks of biting during play in the 95th percentile of the range of risks for bites during play.
Regarding non-play bites, the risk increased with age but at a diminishing rate from 2 months to approximately 3 years, after which it declined gradually (Fig. 1b) . Correspondingly, while an 8 month old dog was 3.8 (95% CI: 2.1-6.9) times as likely to bite as a 2 month old dog, a 1 year old dog was 1.6 (95% CI: 1.3-1.9) times as likely to bite as a 6 month old dog. The most rapid increases in risk occurred in the age range 2-12 months (Figs. 1b  and 2d) , and 1-1.5 year old dogs had essentially the same risks of biting. Thus an 18 month old dog was just 1.2 (95% CI: 1.1-1.3) times as likely to bite as a 12 month old dog ( Table 4 ). Dogs that were 21-65 months old had estimated risks of non-play bites in the 95th percentile of the range of non-play bite risks.
Age at acquisition vs. current age For dogs acquired before 4-6 months of age, the effect of increases in age at acquisition on the magnitude of the risk of nonplay bites was greater than the effect due to an increase in the dog's age (Fig. 3) . For dogs acquired after 6 months of age, this tendency was reversed (Fig. 3) .
Duration of ownership
Dogs that bit during play were owned for a shorter period before the bite took place than non-play biters, with M=2 months (IQR = 3 weeks to 7 months) and M = 21.5 months (IQR = 8 months to 4.5 years), respectively. Dogs owned for 3 months or less had estimated risks of biting during play in the 95th percentile of the range of risks for bites during play.
The risk of non-play bites, as a function of duration of ownership, showed a similar pattern to the risk of non-play bites as a function of current age. It was highest at 24-36 months and decreased gradually thereafter (Fig. 1b and c) . There was evidence of differences in the association of duration of ownership on non-play bites between the two cities (Table 4 and Fig. 1c) . After being owned for 6 months in SF, a further 6 months of ownership did not change the risk of biting. In KGN, this was the case after being owned for 1 year. In SF and KGN, dogs owned for 6-33 and 20-97 months, respectively, had estimated risks of non-play bites in the 95th percentile of the range of non-play bite risk.
Correlation between current age and duration of ownership
There were high correlations between the current age and duration of ownership for dogs that bit during play (r = 0.88; 95% CI 0.81-0.95) and for dogs that were non-play biters (r = 0.89; 95% CI 0.82-0.95).
Continuous vs. categorized exposures
The sensitivity analysis confirmed the choices of functional forms of the exposures of interest used for final models in the continuous variable analysis (Table 3) . Results using the exposures of interest as categorical variables (Table 5) were similar to the continuous variable analysis. This was confirmed by the overlap in 95% CIs when the RR estimates for the continuous variable analyses calculated at the midpoints of each category were used for comparison with the categorical variable analyses (Fig. 4) .
Discussion
In this study, age at acquisition, current age and duration of ownership have been used as surrogates for unspecified socio-biologic factors believed to be associated with dog bites. Thus, for instance, while canine age (which is simply the amount of time that has transpired since the birth of a dog), cannot in itself be a causative or protective factor with respect to dog bites, it is likely to be correlated with canine socio-biological changes which might be causative or protective.
Most biters during play were acquired younger than 6 months old and bites occurring during play with the dog occurred relatively soon after acquisition (75% within 6 months of ownership). If bites during play are likely to occur soon after acquisition, the increase in bite risk observed for dogs acquired at 1.5-2 months of age compared to those born at home might be attributable to more physical interaction between the owner and a newly acquired puppy than between the owner and a puppy that he/she has seen develop from birth. Additionally, increased responsiveness by a 2 month old puppy, the eruption of its teeth, its increased strength and tendency to playfully mouth are possible reasons for increasing risks of biting while being played with during the first 1.5-2 months after birth. Progressive decreases in the risk of bites occurring during play for dogs acquired older than 1.5-2 months of age and for dogs older than 3-4 months might be a consequence of a decreasing tendency of older dogs to play, or for their owners to play with them, or both. This is consistent with dog age being inversely associated with the frequency of owner-dog play (Rooney et al., 2000) , as well as with a reported decline in social play in dogs after 6-7 months (Feddersen-Petersen, 1991) . Dogs that never changed homes being at the lowest risk for non-play biting is consistent with previous observations that dogs bred at home (Serpell and Jagoe, 1995) , or which remained longer (adopted at 60 days vs. 30-40 days) with litter mates (Petersen and Deddens, 2006) , were under-represented among dogs with behavior problems. It is also consistent with a previous report which found that while there was an overall positive association between being born outside in a kennel, garage or barn (as opposed to in the residential part of the home) and stranger-directed aggression, there was no association observed among that subset of the same dogs acquired before 8 weeks of age (Appleby et al., 2002) . Recently, somewhat contradictory findings have been reported: dogs acquired as puppies (vs. as adults) were at higher odds of showing stranger-directed aggression (Hsu and Sun, 2010) . However, the authors explain that people might not adopt aggressive adult dogs and also that they might be unable to recognize signs of future aggressive tendencies in puppies.
This study suggests that the association between age at acquisition and the risk of dog bites (both during and outside of play with the dog) primarily occurs over a limited time window, i.e. during the first 6-12 months of a dog's life. This lends support to the view that the timing of events in a dog's life is an important determinant of dog bites Stein et al., 1994; Wright, 1996) and that early experiences are more important determinants of adult dog behavior than later ones (Serpell and Jagoe, 1995) . For instance, it is possible that the trauma of changing both home and owner can have negative consequences on canine development and behavior, manifesting itself in an increased risk of biting outside of play. It is logical that this could still contribute to aggression in non-play biters, even if human-directed aggression caused previous relinquishment.
Previous studies assuming a constant effect of age on non-play bite risk have reported odds ratios of 0.96 (95% CI: 0.89-1.03) ) and 1.1 (95% CI: 1.0-1.2) for 1 year increases in age. When constant age effects were assumed, in this study, a similar result (RR = 1.1; 95% CI: 1.0-1.1) was obtained. This result suggests that for every 1 year increase in age, there is a 1.1-fold increase in the risk of biting, thus implying that the risk of dog bites increases by a constant multiple throughout the lifetime of the dog. These results differ from, and are less plausible, than the results obtained using fractional polynomials Fig. 2 . Plots of the relative risk (RR) of bites for 6 month increases in ages at acquisition for (a) age at acquisition-bites during play; (b) age at acquisition-non-play bites, and for 6 month increases in current ages for (c) current age-bites during play, and (d) current age-non-play bites associations assuming both linear and non-linear (polynomial) relationships to dog bites. For example, in (a) the risk of biting while being played with for a dog acquired at age 12 months would be 0.8 times its risk of biting had it been acquired at age 6 months and in (d) a 12 month old dog's risk of non-play biting is 1.4 times that of a 6 month old dog. Regardless of which age categories are compared, RRs are constant when linearity is assumed (dashed lines). Fig. 3 . Plot comparing the effects of age at acquisition and current age on the risks of non-play bites. Fig. 4 . Plots of estimated relative risks (RR) and 95% confidence intervals from categorical-and continuous variable analyses for (a) age at acquisition-bites during play; (b) age at acquisition-non-play bites; (c) current age-bites during play; and (d) current age-non-play bites associations. RR estimates for the continuous variable analysis are calculated at the midpoints of categories used for the categorical variable analyses. Straight lines used to connect point estimates from continuous variable analyses are used for comparison purposes only. In reality lines connecting these point estimates are not straight.
L.L.McV. Messam et al. / The Veterinary Journal 197 (2013) 378-387 385 ( Tables 4 and 5 , Fig. 2b ), which suggest that the relationship between age and risk of dog bites varies with the dog's developmental stage. The rapid increase in non-play bite risk observed in the first year of the dog's life corresponds to the period of most rapid sensory, motor and social development (Estep, 1996) . Further increases in non-play bite risk up to approximately 3 years of age, with little change for 2-6 year old dogs (Fig. 1c) , are consistent with the appearance, within the first 3 years of age, of various types of canine aggression towards humans, as noted by others (Borchelt and Voith, 1996b; Luescher and Reisner, 2008) .
Comparisons between the effects of age at acquisition and age at the time of biting suggest that effects of re-homing are more important than correlates of age in determining non-play bites for younger dogs. However, as the dog matures, correlates of age become more determinant in whether a dog reacts by biting in a given circumstance (Fig. 3) .
The high positive correlation between duration of ownership and age for both play and non-play bites explains the similarity in their relationships to dog bite risk and supports a belief that both are proxies for similar developmental processes. If so, both duration of ownership and current age should be associated with each type of bite through similar mechanisms, even if these mechanisms differ between non-play bites and bites occurring during play. These results also suggest that changes in non-play bite risk with increasing duration of ownership are greatest during the first year (SF) to 1.5 years (KGN) of ownership. As no city-related differences in RRs were detected for current age, the observed city-related differences for duration of ownership might point to underlying qualitative differences in norms for human-canine interactions between the two countries.
It is possible that there was some misclassification of the agetime exposures recorded. As most dogs were unregistered, documented dates of birth and acquisition were not available and owner recall remained the only practical source of age-time information. Thus, estimated values of age-time variables based on information provided by owners are not likely to be exact. While this misclassification of the exposures of interest could cause inaccurate RR estimates, consistency between the results from the categorical and continuous variable data analyses (Fig. 4a-d ) inspire some confidence that the results obtained in this study are not artefacts of the estimated values of the exposures of interest. Nevertheless, greater importance should be attached to the overall relationships that the results describe, as opposed to the precise numeric values of RR estimates. Additionally, the low prevalence of dogs born in their current home in SF (<1%) suggests that comparisons involving dogs born at home were heavily influenced by KGN data (28%) and that the conclusions apply primarily to dogs from KGN. Nevertheless, these results might still be relevant to other US localities, as one study based on US national estimates reported that 26.5% of newly acquired dogs were born in the respondent's home (New et al., 2004) . Finally, breed-related differences are also likely to exist between groups of dogs, but this was not investigated as it would require much larger breed-specific sample sizes.
Conclusions
This study suggests that the associations of dog age at acquisition, current age and duration of ownership with the risk of bites occurring during and outside of play differ from each other; that these associations vary during the lifetime of the dog in an agedependent manner; that the association between these age-time variables and dog bites is strongest in the first year of the dog's life, and that the dogs most likely to bite while being played with are younger than those most likely to bite outside of play. Using fractional polynomials to model these age-time characteristics as continuous variables has been a valuable step in providing an insight into how their relationships with dog bites change over the lifetime of a dog. Pending confirmation of these findings, it is to be hoped that veterinarians can use this information to help owners develop realistic expectations regarding changes in their dogs' behavior over time. This is important, as incongruencies between dog-owner expectations and canine aggressive behavior sometimes culminate in relinquishment and/or euthanasia.
